Abstract
Introduction
As the speedy development of digital image libraries, content-based image retrieval has become a hot topic in the image processing and computer vision. Texture is the inherent property of most of natural images, so texture characteristics play a very important role in image retrieval. Many kinds of texture-based approaches for feature extraction have been proposed. Tamura [1] divided texture into coarseness, contrast, directionality, line likeness, regularity and roughness. Haralick [2] employed gray level co-occurrence matrix to classify images. Gabor filter can also be used to extract texture features [3] . A. Laine and J. Fan [4] used wavelet packet to classify textures. Tianhorng Chang and C.-C. Jay Kuo [5] used Tree-Structured Wavelet Transform to analyze and classify textures. M. N. Do and M. Vetterli [6] used Pyramidal directional filter banks and curvelets to analyze textures. The contourlet transform [7] can be also used to extract texture features. Local Binary Patterns (LBP) [8] is also a method which describes gray image texture, LBP has been used widely in texture analysis and classification.
Support Vector Machine is an effective structural machine learning method based on VC dimension theory and principle of minimum structure risk in Statistical Learning Theory. Because Support vector machine applies principle of minimum structure risk, it has good generalization ability. Support vector machines can solve questions of the nonlinear, small sample and high dimensional in pattern recognition. Support vector machines have been successfully applied in many areas of pattern recognition.
In this paper, we present a new method of texture image classification. Nonsubsampled contourlet transform [9] and Local binary patterns are used to extract texture features. Support vector machines are used to classify images. Nonsubsampled contourlet transform has translation invariability, LBP has rotational and gray invariance. Support vector machines have good performance in classification problems. The experimental results show that the proposed method can obtain better performance than some existing methods.
Nonsubsampled contourlet transform(NSCT) includes nonsubsampled pyramid and nonsubsampled directional filter bank [9] . Nonsubsampled pyramid includes a set of two-channel nonsubsampled filter bank. Nonsubsampled filter bank has not downsampling. NSCT has not only anisotropy but also the shift invariability.
Two-level NSCT decomposition is shown in Figure 1 .
(a)NSFB structure that implements the NSCT (b)Frequency partitioning obtained Figure 1 . Two-level nonsubsampled contourlet transform decomposition Nonsubsampled laplace pyramid is a two-channel nonsubsampled filter bank. Condition of perfect reconstruction is shown as below.
Better filter bank could be designed.
Extraction of texture features

Extraction of texture features of the nonsubsampled contourlet
Image is decomposed into three layers by nonsubsampled contourlet transform. Texture information are mainly concentrated on high frequency subbands, low frequency band has little texture information. Nonsubsampled Contourlet transform subbands of a texture image are shown as Figure 2 . The high frequency subbands reflect the texture and det ails of image. The coefficients of the high frequency subbands could reflect the texture and details of image. The low frequency subband reflects the outline of the image. The coefficients of the low frequency subband could not be ignored.
Texture characteristic based on Local Binary Patterns
Local binary patterns extract local information of texture image. LBP histogram can increase space relationship of local patterns. LBP histogram has classification ability. LBP can be easily realized. LBP can be used to extract texture features efficiently [8] .
The basic idea of LBP is that 3×3 windows of image can be as basic texture region, The gray value of central pixel is compared with the gray values of eight pixels around in turn. The gray value of central pixel is as threshold value. If the gray value of the surrounding pixel is larger than the gray value of the central pixel, the surround pixel is marked as one. If the gray value of the surrounding pixel is smaller than the gray value of the central pixel, the surround pixel is marked as zero. The binary values of all the surrounding pixels can be obtained. All surrounding pixels are given different metrics. The binary value of the surrounding pixels multiply by the metric of the surrounding pixels in turn, Sum of the products of the binary value and metrics of the all surrounding pixels is as the value of Local binary pattern of the central pixel. The value of Local binary patterns of all pixels in image can be obtained through such calculation excepting the pixels of image edge.
The calculation of LBP is shown as follows:
Local texture distribution is T which can be as joint distribution function of all pixels in local texture region. Formula of T is shown as the following, ) , , , , , ; (
In the above formula, i f is gray value of the central pixel of local texture region, j f is gray value of the surrounding pixel of local texture region. Formula of T can be further shown as the following. ) , , , , , ; (
If gray value of the central pixel is independent of the difference between the value of the surrounding pixel and the central pixel, Formula of T can be further shown as the following, 
Change of gray vales of pixels can be as zero or one. Formula of T can be further shown as the following,
can be given a metric u 2 , Formula of LBP value can be shown as the following,
Formula of histogram of the labeled image ) , ( y x f c can be shown as the following, 
, n is the number of different labels produced by LBP operator.
Support Vector Machines
Basic principle of support vector machines is that, first, samples of input space can be converted into linear samples of a high dimensional space by nonlinear transform, optimal linear classification surface can be gotten by calculation in high dimension space [10] . The nonlinear transform can be realized by the appropriate inner product function. According to the related theory of functional, if a kernel function satisfies Mercer conditions, it corresponds to an inner product of the transformation space. The kernel function ) , ( The optimal classification surface can be gotten by calculating the minimum of the following functions.
 is nonnegative relaxation which can allow the existence of fault sample points, C is the punishment factor which can control experience risk.
The Lagrange function can be defined as follows.  .
-189 - 1) kernel function using polynomial
SVM is a polynomial classifier with q order. 2) kernel function using the Gaussian radial basis function
SVM is a kind of radial basis function classifier 3) kernel function using Sigmoid function
SVM is one multi-layer perception neural network with the two layers.
Novel method for texture image classification
Images are decomposed into three layers by nonsubsampled contourlet transform. Nonsubsampled contourlet coefficients can be obtained. 
Different kernel functions can get different methods of support vector machines. The experimental results show that Gaussian radial basis function as kernel function can achieve better effect through many experiments, at this time, the punishment factor C is 200, Gaussian factor  is 7.
Experiments and results
Image Database
In experiments, 20 different texture classes from MIT texture database are shown as Figure 3 . Each 512×512 image of texture classes is divided into 16 nonoverlapping128×128subimages. There are 320 texture sub-images in the experiment database.
Experimental results
50% of sub-images of each type image in experiment database are used as training samples, so there are 160 sub-images which are used as training samples. Remaining 50% of sub-images of each type image in experiment database are used as test samples, so remaining 160 sub-images are used as test samples. When each type sub-images of training samples are trained, at this time, this type sub-images are positive, other type sub-images of training samples are negative.
The experiment results are shown as Table 1 . The proposed method improves average classification accuracy from 98.38% to 99.44% on the image database, compared with NSCT-based approach.
Experiment results indicate that the improved classification method raises average precision of image classification.
Conclusion
Nonsubsampled contourlet transform has translation invariability which plays important role in image classification. Local binary patterns has rotational and gray invariance, LBP histogram can increase space relationship of local patterns. Support vector machines have good performance in classification problems. In this paper, we present a new method of texture image classification. Nonsubsampled contourlet transform and local binary patterns are used to extract texture features. Support vector machines are used to classify images. Experiment results indicate that the improved approach raises average precision of image classification. 
